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SUMMARY 


A generalized wind-tunnel model, with canard and wing planforms typical 
of highly maneuverable aircraft, was tested in the Langley high-speed 7- by 10- 
foot tunnel at a Mach number of 0.30 to determine the effect of changing wing 
camber on the lift coefficient at which the model is trimmed. Trimmed lift 
coefficients of near 2.0 were attained; however, the data indicated that the 
highest buffet-free trimmed lift coefficient attainable was approximately 1.30. 
The buffet data used in this investigation were qualitative in nature and gave 
no indication of buffet intensity. Thus, the trimmed lift coefficient of near 
2.0 might be attainable if the buffet intensity was not too high. The data 
showed that there was approximately a 10-percent variation in drag coefficient, 
for different model configurations, at a given trimmed lift coefficient. Large 
increases in wing lift had only small effects on canard lift. 


INTRODUCTION 

Close-coupled canard-wing configurations can provide performance improve- 
ments for an aircraft maneuvering at high angles of attack. (See refs. 1 to 
11.) The data in reference 11 indicated that a close-coupled canard-wing con- 
figuration could be trimmed efficiently at high angles of attack by changing 
the wing camber. Thus, the National Aeronautics and Space Administration is 
conducting a study to investigate the effect of changing wing camber on the 
trimmed lift capabilities and aerodynamic characteristics of such a configura- 
tion. The variable camber is simulated by a flap system which has three hinge 
lines at different chordwise stations. A generalized wind-tunnel model, incor- 
porating two balances to allow separation of the canard contribution from the 
total forces and moments, is being used in this study. The present investiga- 
tion was conducted in the Langley high-speed 7- by 1 0-foot tunnel at a Mach num- 
ber of 0.30 for a Reynolds number of 1.56 x 10® based on a mean geometric chord 
of 23.32 cm (9.18 in.) at angles of attack from approximately -4° to 40° at 0° 
sideslip. 


SYMBOLS 

The international System of Units (SI), with the U.S. Customary Units in 
parentheses, is used for the physical quantities in this paper. Measurements 
and calculations were made in U.S. Customary Units. The longitudinal data pre- 
sented in this report are referred to the stability axis system. The moment 
reference point was taken to be at fuselage station 59.14 cm (23.29 in.) for 
both balances. 

b wing span, 50.8 cm (20.0 in.) 

b' span of exposed wing, 21.59 cm (8.50 in.) 


Axial force 


axial-force coefficient, 

<Joo S W 


Drag 

C D drag coefficient, (CD in table IV) 

<Jo£w 


Lift 

Cl lift coefficient of main balance, (CL in table IV) 

< 3oo S W 

Cl, B uffet lift coefficient at which indicated buffet onset occurs 

c L,c lift coefficient of canard balance (CLC in table IV) 

ACl c Cl c with wing flap deflection minus Cl c without wing flap 

deflection 

c L,w = C L “ C L , c < CL2 in table IV) 

ACl, w c L,w wing with flap deflection minus C L w without wing flap 

deflection 
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Pitching moment 

pitching-moment coefficient, — (CM in table IV) 

SooSw 0 

partial derivative of with respect to C L evaluated at C L = 0 

local chord, cm (in.) 

wing mean geometric chord, 23.32 cm (9.18 in.) 
rolling-moment coefficient of main balance (CR in table IV) 
yawing-moment coefficient of main balance (CY in table IV) 
free-stream dynamic pressure, Pa (lb/ft 2 ) 
exposed canard area 288.73 cm 2 (44.75 in 2 ) 

reference area of wing with leading and trailing edges extended to 
plane of symmetry, 1032.26 cm 2 (160.0 in 2 ) 

longitudinal distance measured from wing leading edge (positive aft) , 
cm ( in . ) 

lateral distance measured from body center line (positive right side 
of model), cm (in.) 
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z vertical distance measured from body center line, cm (in.) 

z i vertical distance from wing chord plane to point on wing lower surface 

(positive down), cm (in.) 

z u vertical distance from wing chord plane to canard chord plane (posi- 

tive up), cm (in.) 

a angle of attack, deg (ALPHA DEG in table IV) 

A leading -edge sweep angle, deg 

Subscripts: 

c canard 

t trimmed 

w wing 

Abbreviations : 

LE leading-edge flaps 

MID forward part of trailing-edge flaps 

TE aft part of trailing-edge flaps 


MODEL DESCRIPTION 

A three-view drawing of the general research model is presented in fig- 
ure 1 . The flap arrangement on the wing is shown in figure 2. Geometric char- 
acteristics of the model are given in table I. 

The flap system was chosen to simulate a variable-camber wing. The leading- 
edge flap (LE) had four equal-length segments; the chord length varied from 
5 percent of the root chord (wing-fuselage intersection) to 30 percent of the 
tip chord. The MID (forward part of trailing-edge flaps) hinge line was located 
at a distance of 0.60c roo j- from the leading edge at the wing root and 0.70c t i p 
from the leading edge at the wing tip. The flaps had three equal-length segments, 
but the MID hinge line could not be extended to the wing-body juncture because 
of structural interference. The aft part of trailing-edge flaps (TE) had the 
hinge line located a distance of 0.80c roo t from the leading edge aft the wing 
root and 0.80cj-ip from the leading edge at the wing tip. The flaps had three 
equal-length segments and a fourth segment adjacent to the body which was not 
as long as the other three segments. 

The wing had a leading-edge sweep angle of 44° and was designed to have an 
elliptic spanwise loading and rectangular chordwise loading at a design lift 
coefficient of 0.35. The airfoil section ordinates are shown in table II. 
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The canard had a leading-edge sweep angle of 51.7° and an exposed area S c 
of 28.0 percent of the wing reference area S w . The canard was located in a 
position of 18.5 percent of the wing mean geometric chord above the wing chord 
plane, z/c = 0.185. The canard was untwisted and had uncambered circular-arc 
airfoil sections. The thickness varied linearly from 6 percent of the chord at 
the root (fuselage-wing intersection) to 4 percent at the tip. The canard mount 
ing brackets were faired into the fuselage. 


APPARATUS, TESTS, AND CORRECTIONS 

The present investigation was conducted in the Langley high-speed 7- by 10- 
foot tunnel. The forces and moments were measured by means of two internally 
mounted six-component strain-gage balances. One balance was housed within the 
forward segment of the fuselage and was rigidly attached to the rearward fuse- 
lage segment, and a small unsealed gap was maintained between the fuselage seg- 
ments to prevent fouling. This balance (canard balance) measured the loads on 
the canard and on the forward segment of the fuselage (shaded area in fig. 1). 
The second balance (main balance) was housed in the rearward segment of the 
fuselage and measured the total-model loads. 

Tests were made at a Mach number of 0.30 for a free-stream Reynolds number 
of 1.56 x 10 6 based on the mean geometric chord of 23.32 cm (9.18 in.) at angles 
of attack from approximately -4° to 40° at a sideslip angle of 0°. All tests 
were made with the boundary-layer transition fixed on the model by means of nar- 
row strips of carborundum grit (#90 grit) placed 1.65 cm (0.65 in.) aft of the 
leading edges of the canards and wings and 3.18 cm (1.25 in.) aft of the nose of 
the body as outlined in reference 12. 

The blockage and jet-boundary corrections were negligible and, therefore, 
were not applied. Angles of attack have been corrected for the effects of sting 
deflection caused by the aerodynamic load. All drag measurements were corrected 
to a condition of free-stream static pressure on the base of the model. 


RESULTS AND DISCUSSION 

The data are presented in both tabular and plotted form. Table III gives 
the 40 test configurations and table IV presents the results for these 
configurations. 

The center of moments was taken at station 59.14 cm (23.29 in.) so that the 
model is substantially unstable, Sc^/SCl 0.16. With this stability level, 
longitudinal trim can be achieved by an upload produced by deflecting the 
trailing-edge flaps of the wing which would result in a relatively high trimmed 
lift coefficient. A stability augmentation system would, of course, be required 
to take advantage of the high trimmed lift capability. 

Lift, drag, and pitching-moment data and axial-force coefficient C A 
plotted against sin^ a are presented for each configuration. (For convenience 
fig. 3 gives sin^ a plotted against a.) The change of axial force with angle 
of attack is primarily determined by the variation of the leading-edge suction 
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force which, as indicated in reference 13, is a linear function of sin 2 a for 
attached potential flow. For thin wings, characterized by leading-edge separa- 
tion, deviation from this linear relationship is a strong indicator of separa- 
tion, and as shown in reference 1 4, can be used as at least a qualitative indi- 
cator of buffet onset. 

Thus, in the absence of other more reliable indicators the plots of 
against sin 2 a are used here as buffet-onset indicators. The axial-force 
coefficients are obtained from the main balance (fig. 1) and thus include the 
contribution of the fuselage and canard as well as the wing. The uncambered 
canards have sharp leading edges and the fuselage does not produce significant 
levels of lift (ref. 9) ; therefore, it is assumed that these two elements of 
this model do not contribute significantly to the axial force when compared to 
the wing. Therefore, the changes observed in the plots of and sin 2 a are 

primarily due to the wing. This method of predicting buffet onset provides no 
information concerning the buffet intensity. 


Effect of Leading-Edge Flap Deflection 

Figures 4 to 6 present the effects of deflecting the leading-edge flaps on 
the longitudinal aerodynamic characteristics. Some tests were made with MID and 
TE deflections also. (The flap arrangement is shown in fig. 2.) As should be 
expected, deflecting the leading-edge flaps has negligible effect on total lift 
and canard lift. Deflecting the leading-edge flaps from 0° to 15° only modu- 
lates the trimmed lift coefficient about 7.5 percent on the average. However, 
deflecting the leading-edge flaps does reduce the drag and extend the angle-of- 
attack range before there is a noticeable departure from the linear characteris- 
tic of the axial-force/sin 2 a curves. As can be noted in figures 4(a), 5(a), 
and 6 (a) this improvement in the axial-force curves results in higher lift coef- 
ficients at which buffet onset occurs. For the configurations which have no MID 
or TE deflection (fig. 4), C L Buffet hi9 her than However, if there 

is a deflection of the other flaps, C L Buffet * s l° wer than C L t f° r the con- 
figurations shown (figs. 5 and 6). 


Effect of MID Deflections 

The effects of changing only the forward part of the trailing-edge flaps 
(MID) from a 5° deflection to 15° on the longitudinal aerodynamic characteristics 
are presented in figure 7. These changes in flap setting modulate the trimmed 
lift coefficient from 1.08 (a = 12.81°) to 1.52 (a = 17.96°). 


Effect of TE Deflections 

The data in figures 8 to 11 present the effect of deflecting the aft part 
of the trailing-edge flaps (TE) on the longitudinal aerodynamic characteristics. 
Again, some tests were made with LE or MID deflections also. The data in fig- 
ure 8 indicate that the flow has separated on the outboard flap, for the 15° 
deflection, since the increment in pitching moment and lift due to the outboard 
flap deflection is reduced over that for the other flap deflections shown in fig- 
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ure 8. The trimmed lift coefficient varies from 0.61 to 1.67 while the lift 
coefficient at indicated buffet onset varies from 0.70 for no flap deflections 
to 1.15 for a 15° TE deflection. In general, the wing-upwash variations due to 
wing TE deflections produce negligible changes in canard lift. 

The effect of having TE deflections of 0°, 5°, 1 0°, and 1 5° on the longitu- 
dinal aerodynamic characteristics is presented in figure 9. These flap deflec- 
tions modulate Cl ^ from 0.61 to 1.67, while Cl Buffet varies from 0.70 to 
1.15. Figure 9(a) gives further evidence that the flow is separated on the flap 
for the 15° flap setting. 

The effect of TE deflections of 0°, 5°, 1 0°, and 1 5° in the presence of a 
15° leading-edge flap deflection on the longitudinal aerodynamic characteristics 
is shown in figure 1 0. The lift and pitching-moment curves give no indication 
of flow separation on the TE for the 1 5° flap setting in the presence of a 1 5° 
leading-edge flap deflection. Trimmed lift coefficients vary from 0.65 to 1.81 
with values of Cl, B uffet from 1.20 to 1.45. 

The data in figure 11 show the effect of TE deflections in the presence of 
a 5° MID deflection on the longitudinal aerodynamic characteristics. Comparing 
the data in figure 8 with that in figure 11, it is seen that the 5° MID deflec- 
tions increase both C L t and C L Buffet for each TE setting. The maximum 
Cl, t shown in figure if is 1.95 wAich has associated with it (^Buffet = 

In general, the data presented in figures 8 to 11 show significant gains 
in C L t and C L Buffet for th:i - s wing-canard configuration attained by deflect- 
ing the wing flap systems, with the maximum CL f t equal to 1 .95 and maximum 
C L Buffet of 1«30. The buffet data indicate buffet onset occurring at lift 
coefficients less than C L t those configurations with both MID and TE 

deflections of more than 5^. 


Discussion Summary 

The data in figures 12 to 14 summarize some of the previous discussions. 
Figure 12 shows the effect of leading-edge flap deflection on attaining buffet- 
free trimmed lift coefficients. The data show that deflecting the leading- 
edge flaps 1 5° substantially increases the maximum value of buffet-free C L t 
attained. For no leading-edge flap deflection, the trimmed lift coefficient 
equals the lift coefficient at which buffet onset occurs at a lift coefficient 
of 0.70, while for the 15° leading-edge flap deflection C L t equals Cl Buffet 
at a lift coefficient of approximately 1.30. It should be pointed out that 
buffet intensity cannot be determined from these data; thus, the highest trimmed 
lift coefficients (C L t w 2.0) may be attainable if the buffet intensity is not 
too great. All the data attained in this investigation fell between the two 
data lines shown in figure 12. 

The data in figure 1 3 show the drag envelope for the trimmed conditions 
obtained from the configurations tested. The variation of Cp for different 
model configurations at a given trimmed lift coefficient is of the order of 
10 percent. The insensitivity of canard lift to changes in wing lift is shown 
in figure 14. The symbol ACp^c is the lift on the canard in the presence of 
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deflected wing flaps minus the lift on the canard in the presence of the 
undeflected wing flaps. Similarly Ac^ w is the lift on the wing with the 
flaps deflected minus the lift on the wing without the flaps deflected. 


Comparison of Wing Lift With Linear Theory 

To help determine the type of flow that may be present on this wing in the 
presence of the canard, figure 15 presents a comparison of experimental wing 
lift with linear potential theory. The experimental and theoretical data in fig 
ure 15 are for the wing without flap deflections in the presence of the canard. 
The vortex-lattice lifting theory program of reference 15 was used. Since the 
average slope is greater for the experimental data than the theory, it can be 
assumed that there is vortex lift associated with the wing. The vortex-lift 
line is not presented in figure 1 5 since there are no existing methods for cal- 
culating vortex lift on wings with rounded leading edges. This hypothesis is 
further substantiated when it is considered that adding the trigonometric terms 
to the linear-potential- theory line would further decrease the theoretical poten 
tial lift (ref. T 3 ) ; thus, the underprediction of lift by potential theory is 
increased. 


CONCLUDING REMARKS 

A close-coupled canard-wing configuration was tested in the Langley high- 
speed 7- by 1 0-foot tunnel at a Mach number of 0.30 to determine the effect of 
changing wing camber on the lift coefficient at which the model is trimmed, the 
major results may be summarized as follows: 

Trimmed lift coefficients of near 2.0 were attained; however, the data 
indicated that the highest buffet-free trimmed lift coefficient attainable was 
approximately 1.30. The buffet data used in this investigation were qualitative 
in nature and gave no indication of buffet intensity. Thus, the trimmed lift 
coefficient of near 2.0 might be attainable if the buffet intensity was not too 
high. The data showed that there was approximately a 10-percent variation in 
drag coefficient, for different model configurations, at a given trimmed lift 
coefficient. Large increases in wing lift had only small effects on canard 
lift. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
June 1,1 978 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Body length, cm (in.) 96.52 (38.00) 

Wing : 

Aspect ratio, b 2 /S w 2.5 

b/2, cm (in.) 25.4 (10.00) 

A w , deg 44 

c, cm (in.) 23.32 (9.18) 

Longitudinal model station of c/4, cm (in.) 63.75 (25.10) 

Airfoil section See table II 

S w , cm 2 (in 2 ) 1032.26 (160.0) 

Root chord (at fuselage center line), cm (in.) 33.86 (13.33) 

Tip chord, cm (in.) 6.77 (2.67) 

Maximum thickness, percent chord, at - 

Root 6.0 

Tip 4.0 

Canard: 

A c , deg 51.7 

Airfoil section Circular arc 

S c (exposed area), cm 2 (in 2 ) 288.73 (44.75) 

Half span, cm (in.) 17.25 (6.79) 

Root chord (at fuselage), cm (in.) 17.90 (7.05) 

Tip chord, cm (in.) 3.58 (1.41) 

Maximum thickness, percent chord at - 

Root 6.0 

Tip 4.0 
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TABLE II - ORDINATES OF CAMBERED WING 
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Canard balance 





Figure 2.- Flap arrangement. (Dimensions are in cm (in.) 
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Canard lift characteristics 
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deflections, both wing panels, deg 



Canard lift characteristics 
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) Drag characteristics 
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Figure 7.- Continued. 




Flap deflections, both wing panels, deg 
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lift characteristics 
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Figure 8.- Continued. 



deflections, both wing panels, deg 
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Figure 9.- Continued. 




deflections, both wing panels, deg 
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Continued. 



Flap deflections, 



Canard lift characteristics 




Flap deflections, both wing panels, deg 


LEI LE2 LE3 LE4 MIDI MID2 MID3 TE1 TE2 TD TE4 
O 15 13 15 15 0 0 0 0 0 0 0 

□ 15 15 15 15 0 0 0 5 5 5 5 

O 15 15 15 15 0 0 0 10 10 10 10 

A 15 15 15 15 0 0 0 15 15 15 15 
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Figure 11.- Eff eel 
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Figure 11.- Continued 
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(c) Canard lift characteristics 








Buffet onset has 



C L Buffet 

Figure 12.- Effect of leading-edge flap deflection on attaining buffet-free 

trimmed lift coefficients. 




Incremental lift 
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Figure 14.- Incremental lift Ac L on the canard and wing due to deflecting 
all flaps about their respective hinge lines 1 5°. 
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Experimental data 
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Figure 15.- Comparison of wing lift with linear potential theory 

without flap deflections. 
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